Abstract: The crystal structures of the title compounds, [Cu 2 (µ2-2-Clbz) 4 cations are bridged through four 2-chlorobenzoate ligands. The Cu 2+ ion in 1 is pentacoordinated by four oxygen atoms of bridging 2-chlorobenzoate ligands and one coordinated water molecule. The compound 2 forms mononuclear complex, where the Cu 2+ ion is pentacoordinated by two oxygen atoms of monodentate 3,5-dichlorobenzoate ligands and three coordinated water molecule. Both complexes are connected through O-H···O hydrogen bonds into frameworks. The π-π stacking interactions are also observed in crystal structure of 2.
Introduction
Different benzoates, especially salicylates and fenamates are known to play an important role in human medicine (Sorenson, 1976; Weder et al. 2002) . Our effort in this fi eld has been targeted to halogeno-and dihalogeno-substituted benzoate complexes. The aim of this paper is to report an X-ray structures of the dinuclear complex . These complexes were previously prepared and published (Kawata et al., 1992; Wołodkiewicz et al., 1998) . Object of our study is mention to conditions of preparation of reported complexes and re-determined of obtained complexes at 150 K because published results don't contain hydrogen bond networks and π-π stacking interactions in crystal structures of both complexes.
Experimental
Synthesis A water solution of copper(II) acetate monohydrate (0.200 g, 1 mmol in 40 ml of water) was stirred with nicotinamide (0.061 g, 0.5 mmol) for 1 or N,Ndiethylnicotinamide (0.084 ml, 0.5 mmol) for 2 and then the 2-chlorobenzoic acid (0.313 g, 2 mmol) for 1 or 3,5-dichlorobenzoic acid (0.382 g, 2 mmol) for 2 was added. These mixtures were stirred for 1 day resulting in a light green (1) or turquoise-blue (2) suspensions. The main products of 1 or 2 were fi ltered off and dried at ambient temperature and a green (1) or turquoise (2) mother liquid were left crystallization. Green block crystals of 1 and turquoise plate crystals of 2 were separated from the mother liquor after several weeks. Powders were obtained from systems without added neutral ligand too.
X-ray Crystallography
Crystal data and conditions of data collection and refi nement are reported in Table 1 . Data collection and cell refi nement were carried out using diffractometer Bruker Kappa APEXII CCD (Bruker, 2008) at 150 K with graphite monochromated Mo K α radiation. The semi-empirical absorption corrections were applied the using multi-scan method. The structures were solved by direct methods using SIR-97 (Altomare et al., 1999) or SHELXS-97 (Sheldrick, 2008) and refi ned by the full-matrix leastsquares procedure with SHELXL-97 (Sheldrick, 2008) . Geometrical analyses were performed with SHELXL-97. The structures were drawn with XP in SHELXTL (Sheldrick, 2008) .
Results and discussion
The principle structure features of [Cu 2 (2-Clbz) 4 (H 2 O) 2 ] (1) are illustrated in Fig. 1 and selected bond distances and angles are given in Table 2 . The compound 1 crystallizes in the monoclinic system (space group P2 1 /c). The crystal structure of 1 at 295 K has already been reported (Kawata et al., 1992) and now it is re-determined at 150 K. The complex has been prepared by a different method (see experimental section) as reported previously (Kawata et al., 1992) . The crystal structure of 1 consists of centrosymmetric tetracarboxylato-bridged dimmers [Cu(2-Clbz) 2 (H 2 O)] 2 , where the Cu···Cu separation is 2.5934(6) Å. This molecular structure is typical of dimeric copper(II) carboxylate complexes, where the Cu···Cu distances are in the range 2.56-2.88 Å (Melnik et al., 1998; Sundberg et al., 1996) . The τ value (Addison et al., 1984) of 0.0° for the copper atom is typical for square pyramidal geometry. The basal plane consists of four oxygen atoms O1, O2 i , O3 and O4 i [Symmetry code: (i) -x + 2, -y, -z + 2] at distances of 1.952(2)-1.985(2) Å. The apical site is occupied by the oxygen atom (O1W) from coordinated water molecules. The apical Cu-O1W bond length of 2.134(2) Å, and the Cu-O carb bond lengths are in good agreement with those found in the other dimeric copper(II) carboxylate complexes (Melnik et al., 1998; Sundberg et al., 1996) . The copper atom is displaced from the squares plane defi ned by the basal atoms toward the apical oxygen atom by 0.190(1) Å. The sum of the bond distances (ΣCu-L) 11.29 Å in 1 (the half value of the Cu···Cu distance is also included in the sum) agrees will with the values reported for known dimeric structures with the CuO 4 O chromophores (Melnik et al., 1998) . The values of angles O1-C1-O2 [124.5(3) Å] and O3-C8-O4 [124.4(3) Å] are in the range 11.6-132.0° found for tetracarboxylato dimers with CuO 4 O chromophores (Sundberg et al., 1996) . The principal structural feature and atom numbering scheme of complex 2 are depicted in Fig. 2 and selected bond distances and angles are listed in Table 2 . The compound 2 crystallizes in the monoclinic system with space group P2 1 /c and its structure at 295 K has already been reported (Wołodkiewicz et al., 1998) . This report describes re-determination at 150 K complex from crystal prepared by a different method (see experimental section) as reported previously (Wołodkiewicz et al., 1998) . The independent part of structure of 2 consists of [Cu(3, 91.93 (7) O13-Cu1-O3W 83.08(7) O12-Cu1-O2W 90.22 (7) O12-Cu1-O3W 95.27(7) O13-Cu1-O1W 89.27 (7) O2W-Cu1-O3W 89.90(7) O12-Cu1-O1W
88.96 (7) O1W-Cu1-O3W 101.80 (7) Symmetry code: (i) -x + 2, -y, -z + 2.
tetragonal-pyramidal coordination of copper(II) atoms (Vaskova et al., 2010) . The molecules of [Cu(3-NO 2 bz) 2 (nia)(H 2 O) 2 ] are connected through similar O-H···O hydrogen bonds into supramolecular dimmers, which are shown weak anti-ferromagnetic interactions (Vaskova et al., 2010) . The O-H···O hydrogen bonds in supramolecular dimmers of 2 are enriched by π-π stacking interactions (Janiak, 2000) between two 3,5-dichlorobenzoate ligands.
The distances between two benzene ring are in the range 3.3-3.8 Å (Fig. 3 ) and c g ···c g distance (Janiak, 2000) is 4.17 Å. The similar supramolecular synthons R 2 2 (10) and R 2 2 (12) (Bernstein et al., 1995) have been also observed in crystal structure of one dinuclear complex (Valigura et al., 2006) and several polymeric complexes (Abourahma et al., 2002; Burrows et al., 2008; Cao et al., 2008; Korabik et al., 2011; Maharramov et al., 2012; Vaskova et al., 2011; Xu et al., 2007; Yamada et al., 1998) . The crystal packing of 1 is shown in Fig. 3 . The complex molecules of 1 are connected through O-H···O hydrogen bonds between coordinated water molecule (O1W) and carboxylate oxygen atoms of neighboring complex molecules [O1W-H1W···O4
iii and O1W-H2W···O2
iii (Symmetry code: (iii) x -1, y, z) with O···O distances of 3.028(3) and 2.827(3) Å, respectively] (Table 3 ) into 1-D supramolecular chain in the z axis (Fig. 3) . The O1W-H1W···O4
iii hydrogen bond is also supplemented by O1W-H1W···Cl2 iii [O···Cl distances is 3.333(2) Å] hydrogen bond (Table 3) and both ones form multicentered hydrogen bonds system (Desiraju & Steiner, 1999; Jeffrey, 1997; Gilli & Gilli, 2009 (Table 3) forming 2-D framework in bc plane (Fig. 4) . The π-π stacking interactions (Janiak, 2000) between two 3,5-dichlorobenzoate ligands are also observed between two supramolecular dimmers (Fig. 5) . The distances between two benzene rings (between two supramolecular dimmers) are in the range 3.18-3.50 Å (Fig. 3 ) and c g ···c g distance (Janiak, 2000) is 3.61 Å. Both studied complexes have been prepared similar method, but this method is different that published methods of synthesis of complex 1 (Kawata et al., Wołodkiewicz et al., 1998) . The structures of both complexes have been determinated at room temperature, but hydrogen atoms have not been calculated in corrected positions, but Low-temperature re-determination at 150 K allows determinate more better results and the hydrogen atoms are calculated in correct positions. Novelty in present paper is description of hydrogen bond networks and π-π stacking interactions in crystal structures of both complexes. The studies of hydrogen bonds and intermolecular interaction have been absent in original room temperature crystal structures (Kawata et al., 1992; Wołodkiewicz et al., 1998) .
At the end we would like to pointed out, presence of neutral ligand in reaction mixture lead to formation of complexes without ligand in coordination sphere. They were prepared by different methods of syntheses in the past. Re-determined of obtained complexes at 150 K we specify basic features and parameters and we specify shape of coordination polyeder of known complexes. Description of hydrogen bond networks and π-π stacking interactions in crystal structures of both complexes have been presented too.
